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2001; Kempler, 1995) . Various components of language have been examined in order to specify the nature of the expressive language decline, with the literature predominantly showing a decline in semantically intact communication reflected in reduced productive vocabulary (Altmann & McClung, 2008) . In contrast, syntax has been identified as an aspect of language that is relatively preserved in AD (Kempler & Zelinski, 1994) , although some controversy in this area remains (Bates, Harris, Marchman, & Wulfeck, 1995) .
Less well researched are anecdotal clinical reports of preserved formulaic language production in the naturally occurring conversation of people with Alzheimer's disease. Formulaic language, comprising conversational speech formulas, idioms, pause-fillers, and other fixed expressions known to the native speaker, plays a very important role in everyday language use (Fillmore, 1979; Pawley & Syder, 1983; Van Lancker, 1973 , 1988 Van Lancker Sidtis, 2004; Wray, 2002; Wray & Perkins, 2000) . Persons in the late stages of AD, who are no longer able to communicate verbally about themselves or their lives, are commonly observed to utilise formulaic expressions such as "It's nice to see you again" and "Excuse me" with normal fluency, leading to an impression of conversational competence. Better understanding of a selective preservation in AD of this important component of communicative competence will contribute meaningfully to the clinical picture of AD and will shed light on brain-behaviour models of language.
Formulaic language in alzheimer's disease
Formulaic language constitutes a significant proportion of expressive language (Kuiper, 2009) , with estimates for conversational speech at 24% (Van Lancker Sidtis & Rallon, 2004) . Formulaic language comprises fixed expressions that are known to the native speaker, and includes idioms, proverbs, speech formulas/conventional expressions, expletives, and pause-fillers. The use of formulaic expressions in neurologically disordered populations is of increasing interest in recent years with a focus on aphasia secondary to stroke (Code, 1982; Sidtis, Canterucci, & Katsnelson, 2009; Van Lancker Sidtis & Postman, 2006) . Studies of formulaic language in left-and right-hemisphere damage indicate that formulaic language production is abundant in those persons with left-hemisphere damage, but reduced with right-hemisphere lesions Van Lancker Sidtis & Postman, 2006) . Empirical studies have not yet been extended to the Alzheimer's population, but in persons with AD, descriptive study and clinically observations suggest that production of formulaic expressions is relatively preserved. In one study, formulaic language was implicated as a contributing factor to deficient semantic content in AD language (see Nicholas, Obler, Albert, & Helm-Estabrooks, 1985) . Davis and colleagues (Davis, 2005; Davis & Maclagan, 2009; Maclagan, Davis, & Lunsford, 2008) provide descriptive accounts of the preserved ability to produce formulaic expressions including pause fillers, fixed expressions, discourse markers, and other formulaic sequences in Alzheimer's disease for a variety of functions. Documenting the status of formulaic language in AD speech may contribute to an accurate linguistic profile for this population.
This question is also of interest because previous studies have shown that basal ganglia strokes lead to a significant diminishment in formulaic expressions Speedie, Wertman, Tair, & Heilman, 1993) , implicating a role of subcortical nuclei in normal function. Supportive data come from preliminary studies of persons with Parkinson's disease, in whom spontaneous speech samples reveal a significantly Downloaded by [Kelly Bridges] at 05:57 07 March 2013 lower proportion of formulaic expressions (Rogers, Sidtis, & Sidtis, 2009) . In contrast to these cases of subcortical stroke and basal ganglia dysfunction due to Parkinson's disease, Alzheimer's disease affects the cortical expanse sparing basal ganglia until late in the disease progression. Confirmation of preserved formulaic language in AD could lend support to a dual process model of language, whereby novel, newly generated language is modulated by the left hemisphere and formulaic expressions rely in large part on right hemisphere-subcortical circuitry (see Van Lancker Sidtis 2004 , 2012 .
Early onset and late onset AD
Our speech samples obtained from previous research studies included the possibility of comparing early with late onset AD. Comparisons of older and younger individuals with AD are only sparsely represented in scientific studies. There is some evidence that people who acquire AD at an early age may exhibit different language (Filley, Kelly, & Heaton, 1986) and psychological (Toyota et al., 2007) symptoms when compared to people who acquire AD at a later age. Arising primarily from evidence of biological and genetic differences between individuals with early and late onset AD, there is debate about the true nature of these two groups (see Cummings, Vinters, Cole, & Khachaturian, 1998 , for a review).
Summary
In summary, the use of formulaic expressions has gained scientific interest in the past decade, and most effort has been directed towards healthy speakers. Less is known about disordered language. Recent studies of persons with neurological impairment implicate a right hemisphere-subcortical circuit in the production of formulaic expressions (Van Lancker Sidtis, 2012) . In AD clinical observations point strongly to preserved production of formulaic expressions which, when unrecognised, may mask veridical cognitive and language deficiencies. Outside anecdotal reports, little is known about the production of formulas in people with AD; still less about how production might differ between early and late onset AD. Examination of the spontaneous speech of individuals with AD is also of interest to models of language processing in the brain, because a major portion of basal ganglia and frontal lobes remains relatively intact as the cortical disease progresses. Empirical comparisons of language competence between the early and late onsets groups are few, and some studies indicate group differences, but how much and in what ways they differ linguistically has not yet been fully examined.
Aims of this study
The primary aim of this retrospective study was to empirically assess how people with Alzheimer's disease compare with healthy control participants in their production of formulaic expressions. A secondary aspect of this study was to compare people with early and late onset AD on formulaic language to explore the proposal that early onset AD entails greater verbal deficits than late onset AD. Based on clinical reports, it is hypothesised that individuals with AD will use more formulaic expressions than healthy adults. For early and late onset predictions, it is expected that greater verbal deficits will emerge for participants with early onset AD with proportionally more formulaic language than those with late onset AD. 
METHOD Participants
This study evaluated the content of the speech produced by a group of participants with probable Alzheimer's disease (AD) who were the subject of previous reports by Glosser and her colleagues (Glosser & Deser, 1990; Glosser & Friedman, 1991; Glosser & Kaplan, 1989) . A total of 11 participants diagnosed as having probable AD and no other known medical or mental health problems (3 males, 8 females), and 5 healthy control (HC) participants (3 males, 2 females; M age = 63.60 years, SD = 13.79) with no medical or mental health problems were studied. The diagnosis of probable AD (McKhann et al., 1984) was supported for all participants by thorough medical, neurological, neuropsychological, and neurodiagnostic evaluations that assured dementia symptoms could not be attributed to any other neurological, psychiatric or medical problem. All participants were followed by physicians for 1 year following diagnosis to confirm progressive gradual decline in cognition and memory characteristic of AD, and no participants had a history of drug or alcohol abuse, or other psychiatric, neurologic or cerebrovascular disease (Glosser & Deser, 1990; Glosser & Friedman, 1991; Glosser & Kaplan, 1989) . Speech and language function was evaluated by certified speech-language pathologists. Testing was consistently accomplished by members of the research team of clinicians conducting this project. Institutional review board approval was obtained prior to collecting speech samples. Further information about participant language abilities was not provided with the speech samples; however, thorough linguistic analysis of syntax and word frequency was conducted during another phase of this study. Using text-frequency analysis and a clausal complexity-based analysis, lexical frequency and syntactic complexity were examined. AD participants (n = 11) were found to use significantly fewer low-frequency (highly specific) words than HC, t(14) = 2.28, p = .039, but the groups did not differ on the production of syntactically complex structures, t(14) = -0.77, ns. Both of these findings are in concordance with the majority of the literature on language in AD (Cummings & Benson, 1992; Garrard, Maloney, Hodges, & Patterson, 2005; Kempler & Zelinski, 1994; Murdoch & Chenery, 1987) , supporting, for our participant selection criteria, the claim that this is a representative sample of the AD population.
The Alzheimer's (AD) group was separated into five early onset Alzheimer's (EO) participants (M age at testing = 53.80 years, SD = 5.54) and six late onset Alzheimer's (LO) participants (M age at testing = 85.50 years, SD = 3.94) groups. In order to characterise language comparing early and late onset AD participants, additional analyses of lexical frequency and syntactic complexity were performed using mixed ANOVAs. Results of an ANOVA of lexical frequency revealed a significant interaction between participant group (EO vs LO vs HC) and lexical frequency (high vs low), F(2,13) = 4.33, p = .036, with post-hoc analysis indicating that the LO used significantly fewer low-frequency words than the healthy control group (p = .046), with the EO group falling between LO and HC. An additional ANOVA exploring syntactic complexity (simple vs complex) and participant group (EO vs LO vs HC) did not reveal significant group differences.
The Alzheimer's group as a whole ranged in cognitive severity from mild to moderately impaired based on their Mini Mental State Examination (MMSE) scores, as participants ranged from 13 to 20 out of a total possible 30 (see Folstein, Folstein, & McHugh, 1975) MMSE scores range from 0 to 30 with "normal" being 24-30, mild cognitive impairment ranging from 20 to 23, moderate cognitive impairment between 10 and 19, and severe cognitive impairment ranging from 0 to 9. severe impairment. Years post-diagnosis ranged from 1.5 to 4 and education ranged from 8 to 16 years. Healthy control participants were recruited as volunteers for other psychological experiments or were relatives of the individuals with AD. Healthy participants were interviewed to assure no history of psychiatric illness, alcohol or drug abuse, neurological or medical conditions, and to rule out that they were not taking psychoactive medications (Glosser & Deser, 1990; Glosser & Friedman, 1991; Glosser & Kaplan, 1989) . For demographic information providing participant information and group mean values for gender, years of education, years post-diagnosis, and MMSE scores see Table 1 .
Materials and procedures
The speech samples were obtained retrospectively through an archived study conducted in the 1980s in the Northeastern USA by the team of psychologists, speech pathologists, and neurologists referred to above. Participants were audio recorded during an interview (following the guidelines in the Boston Diagnostic Aphasia Examination; Goodglass & Kaplan, 1983) (Glosser & Deser, 1990; Glosser & Friedman, 1991; Glosser & Kaplan, 1989) . Total word counts, varying between 235 and 1090 words, are presented in Table 1 . Participation by the interviewer was minimal, containing occasional utterances to encourage further conversation (for example, "uh huh" and "what else did you do").
Formulaic language analysis
Formulaic language comprises fixed expressions that are known to the native speaker, often serve a social function in naturalistic conversation, and include idioms, proverbs, speech formulas/conventional expressions, expletives, and pause-fillers. They are characterised by stereotyped form (words, word order, prosody), conventional meanings (usually nonliteral and with nuances and connotations), and high relevance to social context. A method for identifying and quantifying formulaic expressions using formal and functional criteria has been established in previous published studies (see Sidtis et al., 2009; Van Lancker Sidtis & Rallon, 2004) . For this study utterances were categorised as conversational speech formulas (let me see, you know, first of all), idioms (he's at the end of his rope), proverbs (a stitch in time saves nine), discourse elements (so, and, oh), pause-fillers (uh, um), expletives (shoot, darn), sentence stems (fixed expressions that start a sentence: I guess, I think), or formulaic distortion errors (If I can't say anything pleasant, just keep quiet, an erroneous production of, If you can't say anything nice don't say anything at all) by two trained, native English-speaking researchers blind to the demographic data of the participant groups and the purpose of the study. When categorisations differed between the two raters, a third rater mediated the decision.
The total number of words in formulas in proportion to the total number of words in the sample was calculated for each participant and used for between-group comparisons. In order to accommodate the varying sizes of the speech samples, the measure for this phase of the study was the proportion of words in formulaic expressions in each speech sample (the number of words in formulas divided by the total number of words in the sample). Further subcategories were analysed (conversational speech formulas, idioms/proverbs, discourse elements, pause-fillers, sentence stems, and formulaic distortion errors) and compared between groups using a metric of the percentage of words in each formula type out of the total number of words in formulaic expressions.
RESULTS

Demographic comparisons
Data were collected from 11 individuals with AD-5 with early onset (EO) and 6 with late onset (LO)-and 5 healthy adults (HC). For all demographic data, nonparametric comparisons were used to determine between-group differences, as the normality and homogeneity of variance assumptions were violated for some variables and participant groups.
To determine group differences for age and education, a series of Kruskall-Wallis tests were conducted. Significant group differences were found for age, H(2) = 11.47, p = .003, and education, H(2) = 9.61, p = .008. Post-hoc tests for age using MannWhitney's U with alpha adjusted to .0167 for multiple comparisons indicate that the LO group was significantly older than the EO group, U = 0.00, z = -2.74, p = .004, Downloaded by [Kelly Bridges] at 05:57 07 March 2013 and the HC group, U = 0.00, z = -2.74, p = .004, but the EO and HC groups did not differ, U = 5.50, z = -1.47, ns. Additional post-hoc tests with Mann-Whitney's U with alpha adjusted to .0167 for multiple comparisons revealed that for years of education, EO and LO did not differ significantly, U = 4.00, z = -2.11, p = .052, nor did EO and HC, U = 4.00, z = 01.83, ns, but LO had significantly fewer years of education than HC, U = 1.00, z = -2.65, p = .009. Pearson's chi square revealed that gender did not differ significantly between the groups, X 2 (2) = 1.78, ns. Within individuals with AD, Mann-Whitney's U was used to determine whether the EO and LO groups differed on MMSE scores and time duration since AD diagnosis. EO and LO did not differ significantly for mean MMSE scores, U = 6.00, z = -1.69, ns, or for duration since AD diagnosis, U = 12.5, z = -0.50, ns. For means, standard deviations and other participant group data, see Table 1 .
Quantitative results for formulaic language
Results of the Shapiro-Wilk test of normality and Levene's test of homogeneity of variance indicate that the EO, LO, and HC groups' data on percentage of words in formulaic expressions are normally distributed, W (5) = 0.88, ns, W (6) = 0.98, ns, W (5) = 0.81, ns, respectively, and variances are homogeneous, Levene's F(2, 13) = 0.34, ns, supporting parametric statistics for between-group comparisons. To determine if individuals with AD produce more formulaic expressions than healthy adults, a one-way ANOVA was performed. Results revealed that there was a significant and strong effect of participant group on the percentage of words in formulaic expressions, F(2, 13) = 12.10, p = .001, η 2 = .651. Post-hoc comparisons using Tukey's HSD indicate that both EO participants (M = 37.43%, SD = 6.42), p = .001, and LO participants (M = 33.97%, SD = 4.68), p = .006, used significantly more words in formulaic expressions than healthy controls (M = 21.79%, SD = 4.81), but the EO and LO groups did not differ significantly from each other (see Figure 1 and Table 2) .
A series of one-way ANOVAs revealed no group differences for the production of any of the specific formula types (speech formulas, proverbs/idioms, discourse units, pause fillers, expletives and sentence stems). See Table 2 for means and standard deviations.
Qualitative results for formulaic errors
As a qualitative observation, several distinctive formulaic errors appeared in the AD speech samples. These errors were distortions of formulaic expressions (If I can't say anything pleasant, just keep quiet likely morphed from "If you can't say anything nice, don't say anything at all"; and Put down my mind to it from "Put my mind to it"). These errors from the speakers with AD differ from speech error blends on formulas reported for healthy adults (e.g., "Talks to my heart strings"; Kuiper, Van Egmond, Kempen, & Sprenger, 2007, p. 337) and have not been reported before. Healthy control participants in this study did not have any instances of formulaic expression error blends or formula distortion errors. It can be speculated that while participants with AD have intact basal ganglia, allowing retention of formulaic expressions long into the progression of their disease, cortical dysfunction affects the shape of the formulaic expressions in production. This perspective conforms to a process model of language function, whereby formulaic expressions are modulated by a basal ganglia-right hemisphere-cortical circuit. It is a reasonable speculation that right hemisphere cortical dysfunction contributes to the unusual formulaic distortions. Mean percent (and standard deviations) of words in formulaic expressions (and formula types taken out of the total number of words in formulas) used by individuals with early and late onset Alzheimer's disease (EO, LO) and healthy control (HC) participants.
The following is an excerpt of speech that is selected to be representative of the current study's sample of speakers with AD. (Discussing a son's job The speech sample above is typical of the speech samples of individuals with AD in this study, as it shows relatively preserved syntax, high-frequency vocabulary, and a large proportion of formulaic expressions, here in the form of sentence stems (but, and), pause-fillers (uh, oh, you know), conventional expressions (that sort of thing, what they have to) and discourse elements (well). Of the 60 words in this sample, 34 (57%) are words in formulaic expressions.
DISCUSSION
This study sought to clarify how formulaic language is affected by AD by specifically assessing the proportion of formulaic language produced. Results support clinical observations and the hypothesis under study, indicating that people with AD use more formulaic language than healthy adults. Finally, based on the results of this study, individuals with early and late onset AD do not differ linguistically in their use of formulaic language. Results from this study of formulaic expression production do not lend support to a previous claim that early onset AD is characterised by greater linguistic impairment (Filley et al., 1986 ).
An effect of age on the results cannot be fully ruled out, as the healthy control group was younger than the older onset AD group. We know of no research comparing older and younger participants on formulaic language proportions in spontaneous speech, as designed in this study. However, a related, recent study concerning age differences in healthy individuals suggested a mild reduction in idiom production tasks in older persons (Connor et al., 2011) . In our study, however, no significant differences in proportion of formulaic expressions were seen between the early and late onset groups, who also differed significantly in age. Further, the early onset (younger) AD participants yielded a (non-significant) higher proportion of formulaic expressions (which is the metric of deficit in this study). Therefore a major effect of age is not apparent. This is an area of interest for future research.
Given that formulaic expressions number in the hundreds of thousands (Jackendoff, 1995; Kuiper, 2009) , there is likely great variability in how and to what extent this ability is manifest in any individual person. As has been observed in persons with aphasia, we might expect individuals with AD to have radically varied repertories of routinised expressions. The varied ranges of expressions available for use may obscure the extent to which persons with language disturbances are utilising formulaic language in the clinical setting. From his original observations in persons with severe aphasia, Jackson (1874 Jackson ( /1958 records such brief yet routinised expressions as, Oh dear, Bless my life, Take care, and Goodbye. Riese (1949, cited in Critchley, 1970, p. 269) described an aphasic patient who regained speech ability, but spoke mainly using long Shakespearean expressions: Me thinks the lady doth protest too much. In a detailed chronicle of her husband's decline with AD, Hoblitzelle (2008, p. 208) described numerous instances of the production of lengthy poetic passages or literary expressions which, as an English professor, he had previously memorised and often used. These lengthy, stored utterances continued to be produced even when verbal ability for propositional language was gravely diminished in the end stage of the disease: The preservation of formulaic language in AD may be accounted for by considering the role of the basal ganglia in action forms and sequencing based on procedural memory, as formulaic language can be considered routinised semi-automatic verbal motor gestures. Further research is necessary to discover other procedural and holistic memory functions that may remain unscathed in AD, while found to be impaired in cases of subcortical damage. Comparable procedural functions are piano playing, games, and sports. Beatty et al. (1994) found that severely impaired persons with AD not only retained the ability to play musical instruments, but also engaged in contract bridge, dominoes, and canasta.
Finally, results on preserved production of formulaic language in Alzheimer's speech support hypotheses regarding the neurological substrates of formulaic language. Neuropsychology has long associated the left hemisphere with the production of novel speech, while newer studies show that formulaic language (see Van Lancker Sidtis, 2004 , 2012 ) is modulated in the right hemisphere and in subcortical nuclei, regions responsible for modulation of movement, emotion, and the establishment of procedural memory. As noted in the introduction, individuals who have subcortical damage due to stroke or Parkinson's disease show reduced incidence of formulaic language in their speech compared to matched healthy controls (Rogers et al., 2009; Sidtis et al., 2009 Sidtis et al., , 2012 Speedie et al., 1993; Van Lancker Sidtis, 2004 ). Alzheimer's disease is a cortical dementia primarily affecting the temporal and parietal lobes and then progressing to the frontal lobes (Cummings & Benson, 1992) , sparing subcortical regions until the late stages. The participants with AD in the present study had a significantly higher proportion of formulaic language than healthy controls, which provides further evidence for a subcortical involvement in the production of non-novel, formulaic language. Alzheimer cortical disease likely contributes to the unusual distortions of formulaic expressions described above. The functions of procedural memory and routinised gestures, known to reside in the basal ganglia (Graybiel, 1998) , are compatible with a significant preservation of formulaic expressions in contrast to impairment of informational, propositional language.
The overuse of formulaic language by individuals with AD may account in part for the other signature linguistic characteristics associated with this group. One is semantic deficiency or the empty speech described for AD. Formulaic expressions are commonly used by speakers for social purposes and do not necessarily add propositional meaning. Further, the prevalence of formulaic expressions may contribute to conclusions about syntactic preservation in these persons, which are prevalent in the literature (Garrard et al., 2005; Kempler & Zelinski, 1994; Murdoch & Chenery, 1987) . Many (not all) conventional expressions, speech formulas, idioms, and proverbs are produced with apparent grammatical structure and therefore may yield an appearance of syntactic well-formedness. The presence of formulaic utterances is characteristic of healthy speech, but at approximately 25% of total talk, compared to approximately 35% in the AD groups. Having formulaic utterances preserved in increased proportion may give an impression of intact communication, while substantial novel information is reduced.
The distinction between novel and formulaic language is important in evaluation and treatment of language disorders. This information is valuable for clinicians and Downloaded by [Kelly Bridges] at 05:57 07 March 2013 caretakers, assisting them in determining optimal interaction, management, evaluation, and treatment for those with AD. Preservation of formulaic language in AD may mask other cognitive and language deficits and contribute to under-recognition of disease at home and in the clinic. Deft and consistent use of formulaic language in social contexts can give an erroneous impression of intact language and cognition. For the clinician, recognising the overuse or exclusive use of formulaic expressions in the patient with AD is crucial to providing an accurate evaluation of patients' communicative competence and in providing informed counselling to patients and families. Changes in formulaic language use in different neuropathological settings (e.g., subcortical versus cortical) have significant implications for both language theory and therapy and warrant additional study with larger participant groups. 
